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On the occasion of the 75th anniversary of the fission phenomenon, we present a surprisingly
simple result which highlights the important role of isospin and its conservation in neutron rich
fission fragments. We have analysed the fission fragment mass distribution from two recent heavy-
ion reactions 238U(18O,f) and 208Pb(18O,f) as well as a thermal neutron fission reaction 245Cm(nth,f).
We find that the conservation of the total isospin explains the overall trend in the observed relative
yields of fragment masses in each fission pair partition. The isospin values involved are very large
making the effect dramatic. The findings open the way for more precise calculations of fission
fragment distributions in heavy nuclei and may have far reaching consequences for the drip line
nuclei, HI fusion reactions, and calculation of decay heat in the fission phenomenon.
I. INTRODUCTION
According to Wigner, isospin, a fundamental entity in
nuclear physics, can enable us to obtain the value of a
physical quantity which is more difficult to measure, from
a quantity which is easier to measure or which has already
been measured [1]. In 1960s, important work of Anders-
son et al., [2] and Fox et al., [3] in the A = 50 and 90 mass
regions, respectively, lead to the rebirth of this quantum
number [4]. Lane and Soper [5] extended the work of
MacDonald [6] for light nuclei and investigated the degree
of isospin purity in heavier nuclei. This theoretical work
suggested that the isospin may become a good quantum
number in heavy nuclei. The large number of excess neu-
trons in neutron-rich nuclei together have an absolutely
pure isospin, which strongly dilutes the isospin impurity
of the remaining part of the system with N=Z [4, 5]. The
fission fragments of heavy nuclei are highly neutron rich
with the value of T3 = (N-Z)/2 becoming very large [4]
and are expected to carry a pure isospin.
In this paper, we show that the conservation of isospin
explains in a strikingly precise manner the observed rel-
ative yields of pairs of fission fragments of each of the
(Z1, Z2) partitions measured in two recent heavy ion in-
duced fusion-fission experiments [7, 8] as well as the ther-
mal neutron induced fission [9]. The work shows the va-
lidity of isospin conservation in the neutron-rich heavy
nuclei [10, 11] and also confirms the theoretical predic-
tions of Lane and Soper. This finding may lead to a
new and better understanding of phenomena involving
neutron-rich nuclei.
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II. METHODOLOGY
We adopt the convention that the nucleons carry an
isospin t = 1/2 with projections t3 = +1/2 (for neutron)
and t3 = −1/2 (for proton). The projection of the total
isospin of the nucleus is given by T3 =
∑
t3 = (N −
Z)/2 [12]. The total isospin T can have any value between
(N − Z)/2 to (A/2).
We consider an induced fusion-fission reaction where
the compound nucleus (CN) formed by the fusion of the
projectile (P) and the target (T) fissions into two frag-
ments F1 and F2 with the emission of q neutrons,
P (ZP , NP ) + T (ZT , NT )→ CN(Z,N)
∗
→ F1(Z1, N1) + F2(Z2, N2) + q n. (1)
Conservation of T3 implies that
T3P + T3T = T3CN = T3F1 + T3F2 + q/2 . (2)
The total isospin of the projectile TP , and the target TT ,
are considered to have their minimum value, i.e. TP =
T3P , TT = T3T . Hence, the isospin of the CN lies in
the range |TT − TP | ≤ TCN ≤ (TT + TP ). Since T3CN =
T3T +T3P = TT +TP , the TCN can have only one unique
value, i.e., TCN = TT +TP . Since TCN has a unique value
and the emitted neutrons have pure isospin (= q/2), the
total isospin of the fission fragments must lie in the range
|TCN − (q/2)| ≤ TF1 + TF2 ≤ (TCN + (q/2)) . (3)
To facilitate the discussion, we introduce an auxiliary
concept of a residual compound nucleus (RCN), formed
after the emission of the neutrons from the CN with
TRCN = TF1 + TF2 . Further, for a given number of emit-
ted neutrons, the isospin components T3 of the correlated
pairs of fragments in a given Z1, Z2 partition are required
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to form a multiplet of the total isospin T of the fragments.
In a single partition, the isospin part of the RCN wave
function is related to the isospins of the two correlated
fission fragments as
|T, T3〉RCN =
∑
〈CGC〉|TF1 , T3F1 〉|TF2 , T3F2 〉, (4)
where the sum extends over all the allowed possibili-
ties. Here, 〈CGC〉 denotes the Clesbch Gordon Coeffi-
cients given by 〈TF1TF2T3F1T3F2 |TRCNT3RCN 〉. The rel-
ative yield or intensity of each member of the correlated
fragment pairs within a given partition can be obtained
from the square of the corresponding 〈CGC〉.
III. RESULTS AND DISCUSSIONS
In the present paper, we show the results of our study
on two recent measurements of the HI fusion-fission re-
actions, namely 238U(18O,f) and 208Pb(18O,f) [7, 8] and
a thermal neutron induced fission reaction 245Cm(nth,f).
We first consider the reaction 238U(18O,f). Here, T3T =
27, T3P = 1. From the previous arguments, the isospin
of the CN , 256100Fm, is uniquely fixed as TCN = TT + 1 =
28. The CN decays into seven distinct partitions namely
Sn-Sn, Cd-Te, Pd-Xe, Ru-Ba, Mo-Ce, Zr-Nd and Sr-Sm
correlated pairs of fragments [7]. The experimental study
shows that the 12 and 8 neutron emission channels have
the maximum yield in the case of the Sn-Sn and Ru-Ba
partitions respectively. For all the other partitions, the
10n emission channel has the maximum yield. Here, we
focus only on these dominant channels.
For the partitions with 8, 10, and 12 neutron emis-
sion channels dominating the yield, T3RCN = 28 − 4 =
24, 28 − 5 = 23, 28 − 6 = 22 respectively. For those
partitions where 8 or 12 neutron emission channels have
the maximum yield, i.e. the 8 or 12 evaporating neutrons
carry away even values of T3 and T , so that the RCN has
an even value of T3, we assign TRCN = 28 (an even value)
which is the minimum value of T that can generate all
the observed correlated fragment pairs in a partition as
members of an isospin multiplet. In those cases where 10
neutron emission channel has the dominant yield leading
to an odd value of T3 for the RCN, we assign TRCN = 29,
which is the minimum odd value of TRCN that can gener-
ate all the observed fragment pairs as members of isospin
multiplets. For the Sn-Sn partition, the RCN (assigned
|TRCN , T3RCN 〉 = |28, 22〉) breaks up into correlated pairs
of Sn fragments as:
|28, 22〉RCN =
∑
〈CGC〉|T ′, T ′3〉Sn|T
′′, T ′′3 〉Sn (5)
where, 〈CGC〉 = 〈14, 14, T ′3SnT
′′
3Sn
|28, 22〉. The assign-
ment of the T values to the RCN and the fragment pairs
in each partition satisfy isospin conservation. The larger
T values used are supported by the arguments given by
Kelson [13]. A remarkable agreement is obtained between
the calculated and the observed relative intensities (both
normalized to 1 at the peak value) of all the partition-
wise correlated pairs of even-even fission fragments (two
of the cases shown in Fig. 1). This suggests that the T
values assigned as above appear to make the maximum
contribution to the relative yields, though other T values
in the allowed range are also possible. Sudden dips in
the measured intensities for few mass numbers of certain
nuclei (eg. 124Sn) can be accounted for by the presence
of isomeric states and/or structure effects.
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FIG. 1. Calculated and measured[7] relative intensities of the
correlated pairs of fission fragments in two partitions for the
reaction 238U(18O,f).
We, now, show the calculations for a couple of parti-
tions from the reaction 208Pb(18O,f) [8]. The CN, 226Th,
formed by the fusion of the projectile 18O (|1, 1〉), with
the target 208Pb (|22, 22〉), has |TCN , T3CN 〉 = |23, 23〉.
Six different partitions consisting of Ru-Pd, Mo-Cd, Zr-
Sn, Sr-Te, Kr-Xe and Se-Ba correlated fragments were
observed. Though the measured n-multiplicity distribu-
tions for the six partitions are wide, the 4 − 6 neutron
emission channels have maximum yields [8] and are con-
sidered here.
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FIG. 2. Calculated and measured [8] relative intensities of
the correlated pairs of fission fragments in two partitions for
the reaction 208Pb(18O,f).
We again follow a similar line of arguments of assigning
TRCN as earlier. We present the calculations and results
for a couple of partitions i.e. the most symmetric (Ru-
Pd) and a highly asymmetric one (Kr-Xe). For both the
partitions, the 6n emission channel dominates the yield
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FIG. 3. Calculated and measured [9] relative yields of the
observed even-even isotopes of Ru (top) and Kr (bottom) ob-
tained from the reaction 245Cm(nth,f).
assigning |TRCN , T3RCN 〉 = |26, 20〉. Hence, we have
|26, 20〉RCN =
∑
〈CGC 〉|13, T3〉Ru |13, T3〉Pd (6)
|26, 20〉RCN =
∑
〈CGC〉 |10, T3〉Kr |16, T3〉Xe (7)
An excellent agreement is again obtained between the cal-
culated and the measured intensities as shown in Fig. 2.
We now discuss the thermal n-induced fission
245Cm(nth, f) [9]. The CN, 246Cm, formed by the fusion
of the neutron (| 1
2
, 1
2
〉), with the target 245Cm (| 53
2
, 53
2
〉),
has |TCN , T3CN 〉 = |27, 27〉. The authors [9] have mea-
TABLE I. Weight factors for the various neutron emission
channels along with the corresponding Tns (isospin carried
away by the neutrons) and TRCN .
neutron emission weight factor Tns TRCN
0 0.004373 0 27
1 0.008011 0.5 27.5
2 0.100233 1 27
3 0.277928 1.5 28.5
4 0.334261 2 28
5 0.196610 2.5 29.5
6 0.065010 3 29
7 0.017510 3.5 28.5
sured the isotopic yields from mass A = 85 to 115 with
Z = 33 to 47. The corresponding heavier members of the
fission fragments for these nuclei could not be observed
due to the experimental limitation. Here, we discuss the
relative yield of the correlated pairs of fragments for two
of the fission partitions, i.e., Ru-Te (only Ru isotopes ob-
served) and Kr-Nd (only Kr isotopes observed). In ther-
mal neutron induced reactions, 0−7 neutrons are emitted
with the respective weight factors which we have con-
sidered in our interpretation/calculations (see Table I).
The weight factors used have been taken from the LLNL
report [14] and correspond to the same number of av-
erage neutrons emitted. The T values assigned to the
fission fragment pair depend on the T value taken away
by the emitted neutrons as mentioned before. An excel-
lent agreement between the calculated and experimental
results (see Fig. 3) is again observed. This verifies that
the concept of isospin conservation is equally valid and
important in the neutron-induced fission reaction as it is
in the HI induced fusion-fission reactions. Further, for all
the three cases discussed above, we note that, for a par-
ticular neutron-emission channel, the more asymmetric
correlated pairs of fission fragments are related to more
asymmetric combinations of the individual T values.
IV. SUMMARY
Three induced fission reactions have been considered
and the relative yield of the correlated pairs of the n-rich
fission fragments in each of the partitions have been cal-
culated using isospin conservation. It has been found that
the isospin conservation can precisely explain the relative
yields of the fission fragment pairs in each partition. The
findings give the first direct and firm evidence of isospin
conservation in neutron rich nuclei and the reactions in-
volving such nuclei.
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